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Description 

This invention is directed to the discovery that certain peptide fragments of the prohormone, pro-glucagon, possess 
hormonal activities and can be used to stimulate the synthesis and secretion of the hormone, insulin. These peptide 
5 fragments are useful in therapy tor the disease Diabetes mellilus . 

Description of the Background Art 

S. Mojsov, The Journal of Biological Chemistry, 361(5): 11880-11889 (5th September 1986) refers to investigations 

io of prepro glucagon gene expression in the pancreas and intestine. 

S K George et at. FEBS Letters, 192(2): 275-278 (November 1985) refers to the encoding of the human prepro 
glucagon gene for GLP-1 and GLP-2. 

C Patzelt and E Schiltz, Proc, Natl. Acad. Sci U.S.A. 81 : 5007-5011 (August 1 984) refers to the major progiucagon 
fragment (MPGF) that contains two glucagon-related sequences. 

75 The endocrine secretions of the pancreatic islets are under complex control not only by blood-borne metabolites 

(glucose, amino acids, catecholemines, etc.), but also by local paracrine influences. The major pancreatic islet hor- 
mones (glucagon, insulin and somatostatin) interact amongst their specific cell types (A, B, and D cells, respectively) 
to modulate secretory responses mediated by the metabolites. Although insulin secretion is predominantly controlled 
by blood levels of glucose, glucagon and somatostatin stimulate and inhibit glucose-mediated insulin secretory re- 

20 sponses, respectively. In addition to the proposed interistet paracrine regulation of insulin secretion, there is evidence 
to support the existence of insulinotropic factors in the intestine. This concept originates from the observations that 
glucose taken orally is a much more potent stimulant of insulin secretion than is a comparable amount of glucose given 
intravenously. 

The human hormone, glucagon, is a 29-amino acid peptide hormone produced in the A-cells of the pancreas. The 

2S hormone belongs to a multi-gene family of structurally related peptides that include secretin, gastric inhibitory peptide, 
vasoactive intestinal peptide and glicentin. These peptides variously regulate carbohydrate metabolism, gastrointes- 
tinal mobility and secretory processing. The principal recognized actions of pancreatic glucagon, however, are to pro- 
mote glycogenolysis and gluconeogenesis, resulting in an elevation of blood sugar levels. In this regard, the actions 
of glucagon are counterregulatory to those of insulin and may contribute to the hyperglycemia that accompanies Dia- 

30 betes mellitus (Lund, P. K. et al. , Proc. Natl. Acad. Sci., USA, 79: 345-349 (1982)). 

Glucagon has been found to be capable of binding to specific receptors which lie on the surface of insulin producing 
cells. Glucagon, when bound to these receptors, stimulates the rapid synthesis of cAMP, by these cells. cAMP, in turn, 
has been found to stimulate insulin expression (Korman, LY. etal.. Diabetes, 34 :717-722 (1985)). Insulin acts to inhibit 
glucagon synthesis (Review of Medical Physiology , Ganong, W.F., 1979 Lange Publications, Los Altos. California (p. 

3S 273). Thus the expression of glucagon is carefully regulated by insulin, and ultimately by the serum glucose level. 

The glucagon gene is initially tranlated from a 630 base pair precursor to form the polypeptide, pre progiucagon 
(Lund et al (1 982)). This polypeptide is subsequently processed to form progiucagon. Patzelt, C. et al., Nature , 282 : 
260-266 (1979), demonstrated that progiucagon was subsequently cleaved into glucagon and a second polypeptide. 
Subsequent work by Lund, P.K. et al., supra . Lopez L.C. et al.. (Proc. Natl. Acad. Sci. USA 80:5485-5489 (1983)), and 

40 Bell, G.I. et al., (Nature ) 302 :716-718 (1983) demonstrated that the pro-glucagon molecule was cleaved immediately 
after lysine-arginine dipeptide residues. Studies of progiucagon produced by channel catfish (Ictalurus punctata ) indi- 
cated that glucagon from this animal was also proteolytically cleaved after adjacent lysine-arginine and arginine-ar- 
ginine dipeptide residues (Andrews. PC. et al.. J. Biol. Chem. , 260 : 3910-3914 (1985)). Lopez, LC. et al., supra, and 
Bell, G. I. et al, discovered the mammalian progiucagon was cleaved at lysine-arginine or arginine arginine dipeptides. 

45 and demonstrated that the progiucagon molecule contained three discreet and highly homologous peptide molecules 
which were designated glucagon, glucagon-like protein 1 (GLP-1) and glucagon-like protein 2 (GLP-2). Lopez etal 
concluded that glucagon-like protein 1 was 37 amino acid residues long and that glucagon-like peptide 2 was 34 amino 
acid residues long. Analogous studies on the structure of rat preproglucagon revealed a similar pattern of proteolytic 
cleavage between adjacent lysine-arginine or arginine-arginine dipeptide residues, resulting in the formation of gluca- 

so gon, GLP-1 and GLP-2 (Heinrich. G. et al. Endocrinol. . 115 : 2176-2181 (1984)). Human rat, bovine, and hamster 
sequences of GLP-1 have been found to be identical (Ghigllone, M. et al .. Diabetologia . 27:599-600 (1 984)). 

The conclusion reached by Lopez et al. regarding the size of GLP-1 was confirmed by the work of Uttenthal. L.O. 
et al. (J. Clin. Endocrinol. Metabol. , 61: 472-479 (1985)). Uttenthal et al. examined the molecular forms of GLP-1 which 
were present in the human pancreas. Their research shows that GLP-1 and GLP-2 are present in the pancreas as 37 

ss amino acid and 34 amino acid peptides, respectively. 

The similarity between GLP-1 and glucagon suggested to early investigators that GLP-1 might have biological 
activity. Although some investigators found that GLP-1 could induce rat brain cells to synthesize cAMP (Hoosein. N. 
M. et al . Febs Lett. 178 :83-86 (1984)). other investigators tailed to identify any physiological role tor GLP-1 (Lopez, 
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^ C. etal. supra) . The failure to identify any physiological role for GLP-i caused some investigators to question whether 
GUM was in fact a hormone and whether the retatedness between glucagon and GLP-1 might be artifactual (Ghiglione, 
M. et al.. supra ). 

Thus, in conclusion, the prior art reveals an awareness of the processing of a glucagon hormone precursor into a 
set of peptides sharing extensive homology. It has been widely assumed by those of skill in the art that these highly 
related glucagon-like peptides would have a biological activity. Nevertheless, extensive investigations designed to 
elucidate the biological effects of these molecules had been unsuccessful, except forthe insuitnotropic activity of syn-^ 
thetic des-Gly 37 GLP-1 amide disclosed in the work by Schmidt et al.. Diabetoloqia 28 : 704-707 (1 985). 

The hormone glucagon is known to be synthesized as a high molecular weight precursor molecule which is sub- 
sequently proteotyttcally cleaved into three peptides: glucagon, glucagon-like peptide 1 (GLP-1 ) and glucagon-like 
peptide 2 (GLP-2). GLP-1 has 37 amino acids in its unprocessed form. This invention discloses that the unprocessed 
GLP-1 is naturally converted to a 31 amino acid long peptide (7-37 peptide) having amino acids 7-37 of GLP-1. This 
processing occurs in the pancreas and the intestine. The 7-37 peptide is an insulinotropic hormone which hadnot 
previously been described. The hormone's activity appears to be specific forthe pancreatic beta cells where it appears 
to induce the biosynthesis of insulin. The unprocessed GLP-1 peptide is essentially unable to mediate the induction 
of insulin biosynthesis. The insulinotropic hormone is useful in the study of the pathogenesis of maturity onset diabetes 
mellitus. a condition in which the dynamics of insulin secretion are abnormal. Moreover, the insulinotropic hormone is 
useful in therapy for this disease. 

Thus the invention relates to a peptide comprising the sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp- 

Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala- 

Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val- 

Lys-Gly-Arg-Gly 

the peptide being substantially free of natural contaminants and having insulinotropic activity. 
It also encompasses a peptide having the formula: 

(D 

hV-x-co-r 1 

wherein R 1 represents OH, OM or -NR 2 R 3 ; 

where M is a pharmaceutical ly acceptable cation or a lower branched or unbranched alkyl group; 

each of R 2 and R 3 are the same or different and independently represent a hydrogen atom or a lower branched 

or unbranched alkyl group; and 

X is a peptide according to claim 1 ; or 

(2) an acid addition salt thereof. 

Such peptides can be used in medicine, as an insulinotropic agent or in the preparation of such an agent. 
In the drawings: 

Figure 1 shows the DNA structure and corresponding amino acid sequence of human, rat and hamster preprogiu* 

cagons. The preproglucagon precursor is proteolytically cleaved at sites indicated by circles. 

Figure 2 shows the effect of GLP-1 peptides on insulin mRNA levels in rat insulinoma cells. 

Figure 3 shows the effects of GLP-1 peptides on angiotensingen mRNA levels in rat insulinoma cells. 

Figure 4 shows the effects of GLP-1 peptides on actin mRNA levels in rat insulinoma cells. 

Figure 5 shows the effect of GLP-1 (1-37) on prolactin mRNA levels in GH4 cells. 

Figure 6 shows the affects of GLP-1 (1-37) on ACTH mRNA levels in AtT-20 cells. 

Peptide moieties (fragments) chosen from the determined amino acid sequence of human GLP-1 const nuie the 
starting point in the development comprising the present invention. The amino acid sequence for GLP-i has been 
reported by several researchers (Lopez, LC. et al (1983) supra ; Bell, G.I. etal., (Nature) 302:716-718 (1983); Hemncn. 
G. et al (1 934) supra ; Ghiglione, M. et al (1 984) supra ). The structure of the preproglucagon gene and its corresponding 
amino acid sequence is shown in Figure 1 . This figure further displays the proteolytic processing of the precursor gene 
product into glucagon and the two glucagon-like peptides. As used herein, the notation GLP-1 (1-37) refers to a GLP- 
1 polypeptide having all amino acids from 1 (N-terminus) through 37 (C-terminus). Similarly. GLP-1 (7-37) r eters to a 
GLP-1 polypeptide having all amino acids from 7 (N-terminus) through 37 (C-terminus). 
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In one embodiment, the peptides are synthesized by the well-known solid phase peptide synthesis described by 
* Merrifield, J. M.. Chem. Soc., 85: 2149 (1962). and Stewart and Young, Solid Phase Peptide Synthesis fFraaman San 
Francisco, 1969), pages 27-66, which are incorporated by reference herein. However, it is also possible to obtain 
fragments of the proglucagon polypeptide or of GLP-1 by fragmenting the naturally-occurring amino acid sequence, 

5 using, for example, a proteolytic enzyme. Further, it is possible to obtain the desired fragments of the proglucagon 
peptide or of GLP-1 through the use of recombinant DNA technology, as disclosed by Maniatis, T. et al., Molecular 
Biology: A Laboratory Manual, Cold Spring Harbor, NY 1 982, which is hereby incorporated by reference. 

The invention further pertains to a method for enhancing the expression of insulin, the method comprising providing 
to a mammalian pancreatic B-type islet cell an effective amount of the insulinotropic peptides disclosed above. 

io Included within the scope of the present invention are those amino acid sequences in the above peptides which 

are capable of functioning as insulinotropic hormones. A material is said to be 'substantially free of natural contami- 
nants" if it has been substantially purified from material with which it is normally and naturally found. Examples of 
natural contaminants with which GLP-1 (7-37) might be associated are: other peptides, carbohydrates, glycosylated 
peptides, lipids, membrane, etc. A material is also said to be substantially free of natural contaminants if these con- 
's taminants are substantially absent from a sample of the material. 

The term 'peptide' includes both synthetic and naturally-occurring amino acid sequences derivable from a naturally 
occurring amino acid sequence. 

A peptide is said to be 'derivable from a naturally-occurring amino acid sequence' if it can be obtained by frag- 
menting a naturally-occurring sequence, or if it can be synthesized based upon a knowledge of the sequence of the 

20 naturally occuring amino acid sequence or of the genetic material (DNA or RNA) which encodes this sequence. 

An 'insulinotropic activity' relates to the ability of a substance to stimulate, or cause the stimulation of /the synthesis 
or expression of the hormone insulin. 

As is known in the art, the amino acid residues may be in their protected or unprotected form, using appropriate 
amino or carboxyl protecting groups. Useful cations are alkali or alkaline earth metallic Cations (i.e., Na, K, Li, l/2Ca, 

2S l/2Ba, etc.) or amine cations (i.e., tetraalkylammonium, trial kylammonium, where a Iky I can be Cj-C-,^). 

The variable length peptides may be in the form of the free amines (on the N-terminus) ( or acid-addition salts 
thereof. Common acid addition salts are hydrohalic acid salts, i.e., HBr, HI, or more preferably, HCI. 

The insulinotropic property of a compound may be determined by providing that compound to animal cells, or 
injecting that compound into animals and monitoring the release of immunoreactive insulin (IRI) into the media or 

30 circulatory system of the animal, respectively. The presence of IRI is detected through the use of a radioimmunoassay 
which can specifically detect insulin. Although any radioimmunoassay capable of detecting the presence of IRI may 
be employed, it is preferable to use a modification of the assay method of Albano, J.D.M.. et al . (Acta Endocrinol . 70 : 
487-509 (1 972)). In this modification a phosphate/albumin buffer with a pH of 1 .4 was employed. The incubation was 
prepared with the consecutive condition of 500 ul of phosphate buffer, 50 ul of perfusate sample or rat insulin standard 

35 in perfusate, 100 ul of anti-insulin antiserum (Wellcome Laboratories; 1:40,000 dilution), and 100 ul of p 25 l] insulin, 
giving a total volume of 750 ul in a 1 0 X 75-mm disposable glass tube. After incubation for 2-3 days at 4°C, free insulin 
was separated from antibody-bound insulin by charcoal separation. The assay sensitivity was 1-2 uU/ml. In order to 
measure the release of IRI into the cell culture medium of cells grown in tissue culture, one preferably incorporates 
radioactive label into proinsulin. Although any radioactive label capable of labelling a polypeptide can be used, it is 

40 preferable to use 3 H leucine in order to obtain labelled proinsulin. Labelling can be done for any period of time sufficient 
to permit the formation of a detectably labelled pool of proinsulin molecules; however, it is preferable to incubate cells 
in the presence of radioactive label for a 60 minute time period. Although any cell line capable of expressing insulin 
can be used for determining whether a compound has an insulinotropic effect, it is preferable to use rat insulinoma 
celts, and especially RIN - 33 rat insulinoma cells. Such celts can be grown in any suitable medium; however, it is 

4S preferable to use DME medium containing 0.1% BSA and 25 mM glucose. 

The' insulinotropic property of a compound may also be determined by pancreatic infusion. The in situ isolated 
perfused rat pancreas preparation was a modification of the method of Penhos, J. C. et al., (Diabetes , 18:733-733 
(1969)). Fasted male Charles River strain albino rats, weighing 350-600 g, were anesthetized with an intraperitoneal 
injection of Amytal Sodium (Eli Lilly and Co.; 1 60 ng/kg). Renal, adrenal, gastric, and lower colonic blood vessels are 

50 ligated. The entire intestine was resected except for about four cm of duodenum and the descending colon and rectum. 
Therefore, only a small part of the intestine was perfused, thus minimizing possible interference by enteric substances 
with glucagon-like immunoreactivity. The perfusate was a modified Krebs-Ringer bicarbonate buffer with 4% dextran 
T70 and 0.2% bovine serum albumin (fraction V), and was bubbled with 95% O2 and 5% C0 2 . A nonpulsatile flow, 
4-chc'nnel roller bearing pump (Buchler polystatic. Buchler Instruments Division, Nuclear-Chicago Corp.) was used. 

55 and a switch from one perfusate source to another was accomplished by switching a 3-way stopcock. The manner in 
which perfusion was performed, monitored, and analyzed followed the method of Weir, G. C. et al . (J. Clin. Invesiiqat . 
54 : 1403-1412 (1974)), which is hereby incorporated by reference. 

The compounds of the present invention can be formulated according to known methods to prepare pharmaceu- 
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ticalty useful compositions, whereby GLP-1 (7-37) or its functional derivatives are combined in admixture with a phar- 
maceuttcalty acceptable carrier vehicle. Suitable vehicles and their formulation, inclusive of other human proteins, e. 
g. human serum albumin, are described for example in Remington's Pharmaceutical Sciences (16th Ed. A. Oslo Ed. 
Mack, Easton PA (1980)). In order to form a pharmaceutical^ acceptable composition suitable for effective admtnis- 

S tration, such compositions will contain an effective amount of the GLP-1 (7-37), or its functional derivatives, together 
with a suitable amount of carrier vehicle. 

Compositions containing GLP-1 (7-37) or its functional derivatives may be administered intravenously, intramus- 
cularly, or subcutaneousty at dosages in the range of from about 1 pg/kg to 1,000 ug/kg body weight, although a lower 
or higher dosage may be administered. The required dosage will depend upon the severity of the condition of the 

to patient and upon such criteria as the patient's height, weight, sex, age, and medical history. 

For the purpose of parenteral administration, compositions containing GLP-1 (7-37) are dissolved in distilled water 
and the pH-value is adjusted to about 6 to 8. In order to facilitate the ryophilization process resulting in a suitable 
product, lactose could be added to the solution. The solution is then filter sterilized, introduced into vials, and lyophilized. 
The concentration of GLP-1 (7-37) in these compositions may vary from 10- 12 M to 10* 5 M. 

is Additional pharmaceutical methods may be employed to control the duration of action. Controlled release prepa- 

rations may be achieved by the use of polymers to complex or adsorb GLP-1 (7-37) or its functional derivatives. The 
controlled delivery may be exercised by selecting appropriate macromolecules (for example, polyesters, polyamino 
acids, polyvinyl pyrrolidone, ethylenevinylacetate, methylcellulose, carboxymethylcellulose, and protamine sulfate) and 
the concentration of macromolecules as well as the methods of incorporation in order to control release. Another 

20 possible method to control the duration of action by controlled release preparations is to incoporate GLP-1 (7-37) into 
particles of a polymeric material such as polyesters, polyamino acids, hydrogels, poly (lactic acid) or ethylene vinyla- 
cetate copolymers. Alternatively, instead of incorporating GLP-1 (7-37) into these polymeric particles, it is possible. to 
entrap GLP-1 (7-37) in microcapsules prepared, for example, by coacervation techniques or by interfacial polymeriza- 
tion, for example, hydroxymethylcellulose or gelatin-microcapsules and poly (methylmethacrylate) microcapsules, re- 

2S spectivery, or in colloidal drug delivery systems, for example, liposomes, albumin microspheres, micrpemulsions, na- 
noparticles, and nanocapsules or in macroemulsions. Such teachings are disclosed in Remington's Pharmaceutical 
Sciences (1 980). 

SPECIFIC EXAMPLES 

30 

EXAMPLE 1 

Rat insulinoma cells of cell line RIN-38 were derived from a continuous islet cell line, RIN-r, which was established 
from a transplantable rat islet ceil tumor (Gazdar, A. F. et aL . Proc. Nat 1 ! Acad. Sci. U.S. A 77: 3519-3523 (1 930)). The 

35 cells were maintained in DMEM (Gibco) at a glucose concentration of 4,500 mg/L, and supplemented with 10% heat- 
inactivated fetal bovine serum (Gibco), 100 U/ml of penicillin and 100 ug/ml of streptomycin. Incubations were carried 
out at 37°C in 95% air 5% C0 2 . Cells grown in the above manner were washed and resuspended in DMEM (Gibco) 
containing 0.1% bovine serum albumin and 25 mM glucose. Cells were incubated with varying concentrations of GLP- 
T (1-37), GLP-1 (7-37) or GLP-1 (1-36 des-gly-arg amide) for six hours, following which the effects of these agents on 

<o insulin mRNA expression were determined. Cellular RNA was analyzed for insulin specific mRNA as follows: cellular 
RNA was extracted from solid tumors and cells by homogenization in guanadine thiocyanate and sedimentation through 
a cesium chloride cushion. Poly A + RNA was isolated by oligo oT cellulose chromatography (Aviv, H. etal., Proc. Nat'l 
Acad. Sci. U.S.A . 69: 1408-1412 (1972)). 20 ug of total RNA from each sample was fractionated by size on a 1.4% 
agarose gel after denaturation in glyoxal, followed by electrotransfer to a nylon membrane (Nytran; Schleicher and 

45 Schuell). Blotted membranes were baked for two hours at 80°C under vacuum, prehybridized in 1M NaCI / ^/o SDS/ 
10% Dextran sulfate at 50°C overnight and hybridised at the same temperature for 24 h after addition of the labelled 
probes (3-5 x 105 cpm/ml); they were then washed at 55°C twice in 1 X SSC (0.15 M NaCI /0.015M Na citrate) / 1% 
SDS), and exposed to X-ray film for varying times at -70°C with an intensifying screen. In all cases the concentration 
of peptides was 10* 7 M. 

so The result of this experiment is shown in Figure 2. Lanes 1-3 (control cells). 4-6 (GLP-1 (1-37)), 7-9 GLP-1 (7-37). 

10-12 (GLP-1 (136 des- gly arg -amide) shows the amount of insulin specific mRNA produced. Triplicate experimental 
results are presented for each peptide. 

Using a microder.sitometer the relative amounts of insulin specific mRNA were determined. This experiment re- 
vealed that, at equal peptide concentrations, GLP-1 (7-37) stimulated insulin "gene expression to more than 3 times 

ss , the level found in control (untreated) cells. 



6 



EP 0 305 387 B2 



EXAMPLE Z 



Rat insulinoma cells f cell line RIN-38 were grown in DME medium as described in Example 1. After incubation 
with 10' 7 M GLP-1 (1-37, GLP-1 (7-37) and GLP-1 (1 -36). the concentrations of insulin in the cell culture mediums were 
s determined by radbimmunassay (as described above). Insulin protein levels were determined after incubation for six 
hours. The results of this experiment are shown in Table 1 . 



TABLE 1 



10 



IS 



so 



25 



30 



PEPTIDE ADDED 


Insulin Produced (uUnits/ML) 


None 

GIP-1 (1-37) 


2600 
5000 



EXAMPLE 3 : 

The pancreas of live rat was perfused with varying concentrations of GLP-1 (1 -37) and GLP-1 (7-37) as described 
above. At one minute intervals, rat serum insulin levels in picogramsyml were determined by radioimmunassay (as 
described above). The results of this experiment are shown in Table 2. Perfusions were done using peptide concen- 
trations of 5 x 10- 7 M, 5 x lO^M.and 5 x 10- 10 M, 5 x 10-"M and 5 x 10- 12 M. Peptides were added after the zero minute 
serum value had been determined. 

GLP-1 (1-37) was found to mediate a 3.4-fold increase in serum insulin concentrations when perfused into rat 
pancreas at a concentration of 5 x ia 7 M; at a concentration of 5 x 10* 8 M this peptide was capable of mediating only 
a 2-fold increase in serum insulin levels. At a concentration of 5 x 10- 10 M this peptide was found to mediate only a 
20% increase in serum insulin levels. 

GLP-1 (7-37) was found to be capable of stimulating a 132-fold increase in insulin levels when provided to rat 
pancreas at a concentration of 5 x 10~ 7 M. At a 10-fold lower concentration (5 x lO^M) this peptide was capable of 
directing a 21 -fold increase in the serum concentration of insulin. At a concentration of 5 x 10- 10 M, GLP-1 (7-37) was 
found to be capable of mediating an increase in serum insulin levels (32-fold). Even at a concentration of 5 x 10- 11 M, 
GLP-1 (7-37) delivered a 15-fold increase in insulin levels whereas GLP-1 (1-37) was without effect. 

This experiment shows that GLP-1 (7-37) is more than 1,000-fold more potent than GLP-1 (1-37) in stimulating 
insulin expression in vivo . In addition, the GLP-1 peptides had no effects on the release of the peptide hormones 
glucagon and somatostatin in these same experiments. Thus, the stimulatory effects of GLP-1 are specific for the beta 
cells and do not act on pancreatic alpha or delta cells. 
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45 
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Table 2 



Insulin Produced (picograms/mi) at Peptide Concentration 




Time (Minutes) 


5x10' 7 M 


SxlO^M 


5x10- 1 °M 


5x10' 11 M 


5x10* 12 M 


GLP-1 (7-37) 


0 


50 


925 


205 


160 


50 




1 


6600 


20,700 


7400 


2400 


50 




2 


4700 


10,500 


1800 


1700 


50 




3 


1700 


4,000 


760 


1900 


98 


GLP-1 (1-37) 


0 


1400 


3,000 


500 


340 


50 




1 


4700 


6,000 


600 


180 


50 




2 


2900 


2,000 


640 


230 


160 




3 


2200 


2,000 


430 


340 


50 



EXAMPLE 4 : 

In order to determine whether glucagon-like proteins were capable of affecting cellular cAMP levels the effects of 
GLP-1 (7-37) and GLP-1 (1-37) on cAMP levels in RINS-38 insulinoma cells was determined. Cells were grown as 
described in Example 1, in 26 well culture dishes. Varying amounts of glucogon-like peptides were added to culture 
wells in triplicate. After permitting incubation for 10 minutes the total cell media was examined for cAMR and the 
concentration of cAMP was determined. The results of this experiment are shown in Table 3. 20 ul from each culture 
well was assayed. 
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Table 3 



Peptide Concentration (M) 


pMOLES OF cAMP PRODUCED 


Exptl 


Expt 11 


0 


140 


91 


10* 


400 


170 


10*7 


370 


120 


10* 


494 


160 


10*9 


515 


100 


10 -io 


253 


90 


10-" 


533 


90 



This experiment reveals that GLP-1 (7-37) was capable of stimulating cAMP levels even when present at a con- 
centration of 10- ni M. The increase in cAMP levels is an indication that GLP-1 (7-37) is capable of interacting with 
cellular receptors. 

EXAMPLE 5 

In order to demonstrate that the effects of GLP-1 (1-37), GLP-1 (1-36) and GLP-1 (7.37) were specific for insulin, 
and were not capable of inducing or provoking non-specific gene expression, the effect of these peptides on the levels 
of actin and angiotensinogen mRNAs were conducted. RIN-38 insulinoma cells were grown as described in Example 
1 and incubated in the presence of GLP-1 (1-37), GLP-1 (7*37), or GLP-1 (1-36) des-Gry arg (Peninsula Laboratories). 
In all cases the concentration of peptides was 10* 7 M. Incubations were for six hours. Messenger RNAs specific for 
insulin, actin, or angiotensinogen were identified by Northern hybridization as described in Example T. The results of 
this experiment are shown in Figure 2 (insulin mRNA); Figure 3 (anginotensinogen mRN A); and Figure 4 (actin mRNA). 
mRNA levels were determined in arbitrary densitometric units obtained from scanning films of the RNA geis of Figures 
2, 3, and 4. The mRNA levels are shown in Table 4. 



TABLE 4 



EFFECTS OF GLUCAGON-LIKE PEPTIDES ON CELLULAR LEVELS OF mRNAs ENCODING INSULIN, ACTIN 
AND ANGIOTENSINOGEN IN RIN-38 INSULINOMA CELLS 


PEPTIDE* 


MESSENGER RNAs 


INSULIN 


ACTIN 


ANGIOTENSINOGEN 


GLP-I (7-37) 


4.23±0.74 


0.82±0.08 


2.78±0.46 


GLP-I (1-37) 


1.87±0.56 


0.91±0.02 


2.2540.20 


GLP-I (1-36) 


2.78±0.B0 


0.88±0.03 


2.56±0.22 


des-Gry Arginineamide Control 


1.28±0.23 


0.89±0.05 


2.67±0.31 


(no peptide) 









EXAMPLE 6 



GLP-1 (1-37) was examined to determine whether it could induce the biosynthesis of hormones other than insulin. 
Thus, GLP-1 (1 -37) (at a concentration of 1 0" 7 M) was added to a rat islet glucagon-producing cell line and two pituitary 
cell lines (GH4 and AtT-20) which were capable of producing the hormones prolactin and ACTH, respectively, and the 
amount of hormone specific mRNA produced was determined after 24 hours as described in Example 1. Prolactin 
mRNA levels in GH4 pituitary cells after incubation with GLP-1 peptides is shown in Figure 5. ACTH mRNA levels in 
AtT-20 pituitary cells after incubation with GLP-i peptides is shown in Figure 6. These experiments revealed that GLP- 
1 (1-37) did not have any detectable effect upon the amount of mRNA which encodes these peptide hormones. 

EXAMPLE 7 

The effect of GLP-1 (7-37) on the transcription of the insulin and actin genes in RIN-38 insulinoma cells was 
investigated. Gene transcription rates were determined by quantification of nascent glucagon and beta-actin RNA 
transcripts in nuclei from control and TPA treated cells. Nuclear RNA was hybridized to an excess of cloned specific 
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?H« ' )OUnt ' ,0 "ttrocelluloso and the titters were washed as described by McKnioht, G S etal (J Biol Ch« m o<^. 
9050-9058 (1979)). Rat fllucagon (Heinrich. G.eial, Endocrinology . 1,5*1-6 (19M)rand1o7coir!fb&K i r 

were used. Hybndizatwn effic.ency was controlled through the addition ol the hybridization solution of PHI UTP ^? ' 

s cagon cRNA. Experiments were done in duplicate and values are expressed in ppnVkb of cDNA insert co reeled fZ 
efficiency ol hybridization (40-50%). Cells were incubated whh GLP-1 (7-37) at a concentration ol io*M for 4 hour! 
Nuclei were prepared from cells at 0. 1 and 4 hours and nascent insulin gene and actin gene transcripts were assessed 
by the nuclear run on assay (McKnight. G. S. etal). The results of this experiment are shown in Table 5. The experiment 
shows that GLP-1 (7-37) increases the rate of insulin gene transcription, but has no detectable effect upon the aTe 2 

»o actin gene expression. K aiBBI 



EFFECT OF GLUCAGON-LIKE PEPTIDE I (7-37) ON TRANSCRIPTION OF THE INSULIN AND ACTIN GENES 

IN RIN-38 INSULINOMA CELLS 


TIME (hrs) 


INSULIN GENE 


ACTIN GENE 


0 
1 
4 


17.4 
76.2 
9.0 


34.1 
29.9 
25.0 



75 



20 



30 



35 



40 



45 



50 



55 



Claims 



25 Claims for the following Contracting States: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A peptide having insulinotropic activity comprising the sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp- 
Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala- 
Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val- 
Lys-Gly-Arg-Gly 

but not including GLP-i (1-37). 

2. A peptide having the formula: 
0) 



H 2 N-X»CO-R 1 
wherein R 1 represents OH, OM or -NR 2 R 3 ; 

where M is a pharmaceutically acceptable cation or a lower branched or unbranched alkyl group 
. each of R2 and R* are the same or different and independently represent a hydrogen atom or a lower 
branched or unbranched alkyl group; and 
X is a peptide according to claim 1 ; or 

(2) an acid addition salt thereof. 

3. A peptide as claimed in claim 2 wherein R* represents -NR2R3 

4. A method of enhancing the in vitro expression of insulin, the methoj comprising'providing to a mammalian pan- 
creatic B-type islet ceil in a medium an effective amount of an insulinotropic peptide according to any of claims i to 3 

5. A pharmaceutical insulinotropic composition comprising an effective amount of a peptide according to any of cta<m S 
1 to 3. in association with a suitable physiologically acceptable carrier. 
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6. A peptide as claimed in any of claims 1 to 3 for use in the preparation of an insutinotropic agent 

7. The use of a peptide according to any of claims 1 to 3 for the manufacture of an insulinotropic agent 

8. A peptide as claimed in any of claims 1 to 3 for use in medicine. 

Claims for the following Contracting State : AT 

1. A process for the preparation of a peptide having insulinotropic activity comprising the sequence: 

His-Ala-Glu-Cly-Thr-Phe-Thr-Sor-Asp- 
Val-Ser-Ser-Tyr-Leu^lu-Gly-Gln-Ala- 
Ala-Lys^lu-Phe-Ile-Ala-Trp-Leu-Val- 
Lys-Gly-Arg-Gly 

but not including GLP-I (1-37); 

the process comprising synthesizing the protein, fragmenting a naturally occurring amino acid sequence or 
by using DN A or RNA encoding the protein and recombinant DNA technology. 

2. A process for the preparation of a peptide having the formula: 

0) 

H 2 N--X-CO-R 1 
wherein R 1 represents OH, OM or -NR 2 R 3 ; 

where M is a pharmaceutical ly acceptable cation or a lower branched or unbranched alkyl group; 
each of R 2 and R 3 are the same or different and independently represent a hydrogen atom or a lower 
branched or unbranched alkyl group; and 
X is a peptide according to claim 1 ; or 

(2) an acid addition salt thereof, 

the process comprising synthesizing the protein, fragmenting a naturally occurring amino acid sequence 
or by using DNA or RNA encoding the protein and recombinant DNA technology and where necessary forming 
a hydroxy, ester, salt or amino derivative thereof. 

3. A peptide as claimed in claim 2 wherein R 1 represents -NR 2 R 3 . 

4. A method of enhancing the in vitro expression of insulin, the method comprising providing to a mammalian pan- 
creatic B-type islet cell an effective amount of an insulinotropic peptide according to any of claims 1 to 3. 

5. A process for the formulation of a pharmaceutical insulinotropic composition the process comprising admixing an 
effective amount of a peptide according to any of claims 1 to 3, with a suitable physiologically acceptable carrier. 

6. A peptide as claimed in any of claims 1 to 3 for use in the preparation of an insulinotropic agent 

7. The use of a peptide according to any of claims 1 to 3 for the manufacture of an insulinotropic agent. 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 
1. Peptid mit insulinotroper Aktivttat, welches folgende Sequenz umfaBt: 
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His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp- 
Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala- 
Ala-Lys-Glu-Phe-Ile-Ala-Trp-Lcu-Val- 
Lys-Gly-Arg-Gly 

aber nicht GLP-I (1-37) enthalt. 

2. Peptid mit der Formel: 

(1) 

H 2 N--X«CO-R 1 

worin R 1 OH, OM Oder -NR 2 R 3 darsteltt; 

. wobei M ein pharmazeutisch annehmbares Kation oder eine gering verzweigte oder nicht verzweigte Al- 
kylgruppe ist; 

wobei jedes von R* und R* gieich oder verschieden ist und unabhangig ein Wasserstoffatom oder eine 
gering verzweigte oder nicht verzweigte Alkylgruppe darstellt; und 
X ein Peptid nach Anspruch 1 ist; oder 

(2) ein Saureadditionssalz davon. 

3. Peptid nach Anspruch 2, worin R 1 -NR 2 R 3 darstellt. 

4. Verfahren zur Verstarkung der in vitro Expression von Insulin, wobei das Verfahren die Zugabe einer wirksamen 
Menge eines insulinotropen Peptids nach einem der Anspruche 1 bis 3 zu einer pankreatischen B-Typus Inselzelle 
eines Saugetiers in einem Medium umfaBt. 

5. Pharmazeutische insulinotrope Zusammensetzung, umfassend eine wirksame Menge eines Peptids nach einem 
der Anspruche 1 bis 3 in Verbindung mit einem geeigneten. physioiogisch annehmbaren Trager. 

6. Peptid nach einem der Anspruche 1 bis 3 zur Verwendung in der Herstellung eines insulinotropen Mittels. 

7. Verwendung eines Peptids nach einem der Anspruche 1 bis 3 fur die Herstellung eines insulinotropen Mittels. 

8. Peptid nach einem der Anspruche 1 bis 3 in der Medizin. 

Patentanspruche fur folgenden Vertragsstaat ; AT 

1. Verfahren zur Herstellung eines Peptids mit tnsulinotroper Aktivitat, welches folgende Sequenz umfaBt: 

His 
Val 
Ala 
Lys 



•Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp- 
-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala- 
-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val- 
-Gly-Arg-Gly 



aber nicht GLP-t (1-37) enthalt; 

wobei das Verfahren das Synth etisieren des Proteins, Fragmentieren einer naturlich vorkommenden Amino- 
sauresequenz oder das Kodieren des Proteins unter Verwendung von DNA oder RNA und rekombinante DN A- 
Technoiogie umfaBt. 
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2. Verfahren zur Herstsllung eines Peptids mit der Format: 

0) 

H 2 N»X«CO-R 1 

worin R' OH, OM oder -NR 2 R 3 darstellt; 

wobei M ein pharmazeutisch annehmbares Kation oder eine gering verzweigte oder nicht verzweigte Al- 
kylgruppe ist; 

wobei jedes von R 2 und R 3 gleich oder verschieden ist und unabhangig ein Wasserstoffatom oder eine 
gering verzweigte oder nicht verzweigte Alkylgruppe darstellt; und 
X ein Peptid nach Anspruch 1 ist; oder 

(2) ein Saureaddttionssalz da von, 

wobei das verfahren das Synthetisieren des Proteins, Fragmentieren einer naturlich vorkommenden 
Aminosauresequenz oder die Kodierung des Proteins unter Verwendung von DNA oder RNA und rekombi- 
nante DNA-Technologie umfaGt und falls notwendig, die Bildung eines Hydroxy, Ester, Salz oder Aminoderi- 
vates davon. 

3. Peptid nach Anspruch 2, worin R 1 -NR 2 R 3 darstellt. 

4. Verfahren zur Verstarkung der in vitro Expression von Insulin, wobei das Verfahren die Zugabe einer wirksamen 
Menge eines insulinotropen Peptids nach einem der Anspruche 1 bis 3 zu einer pankreatischen B-Typus Inselzelle 
eines Saugetiers in einem Medium umfaftt. 

5. Verfahren zur Zubereitung einer pharmazeutischen insulinotropen Zusammensetzung, wobei das Verfahren das 
Vermischen einer wirksamen Menge eines Peptids nach einem der Anspruche 1 bis 3 mit einem geeigneten phy- 
siologisch annehmbaren Trager umfa&L 

6. Peptid nach einem der Anspruche 1 bis 3 zur Verwendung in der Herstellung eines insulinotropen Mittels. 

7. Verwendung eines Peptids nach einem der Anspruche 1 bis 3 fur die Herstellung eines insulinotropen Mrttels. 

Revendicatlons 



Revendlcations pour les Etats contractants sulvants : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1 . Peptide ayant une act'rvite insulinotrope comprenant ta sequence : 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val- 
Ser-Ser-Tyr-Leu-Glu-Gly-Gln^Ala-Ala-Lys- 
Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 

mais ne comprenant pas GLP-I (1-37). 

2. Peptide de formule ; 

(1) 

H 2 N - X - CO - R 1 

ou R 1 reprdsente OH, OM ou NR 2 R 3 ; 

oil M est un cation pharmaceutiquement acceptable ou un radical alcoyle inferieur branch 6 ou lineaire; 
chaque R 2 et R 3 sont les memes ou dirferents et representent independamment un atome d'hydrogene 
ou un radical alcoyle inferieur branch e ou lineaire, et 
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X est un peptide suivant la revendication 1, ou 
(2) un sel cfaddition acide da celui-ci. 
s 3. Peptide suivant la revendication 2, dans lequei R 1 represente NR 2 R 3 . 

4. Procede d'augmentation de Texpression in vitro de I'insuiine. le procede comprenant ^addition a un milieu contenant 
des cellules pancreatiques B de type Hot de mammiferes, une quantite efficace cfun peptide insulinotrope suivant 
Tune quelconque des revendications 1 a 3. 

10 

5. Composition insulinotrope pharmaceutique comprenant une quantite efficace cfun peptide suivant Tune quelcon- 
que des revendications 1 a 3, en association avec un excipient physiologiquement acceptable. 

6. Peptide suivant Tune quelconque des revendications 1 a 3, a utiliser dans la preparation cfun agent insulinotrope. 

is 

7. Utilisation in vitro d'un peptide suivant Tune quelconque des revendications 1 a 3, pour la preparation cfun agent 
insulinotrope. 

8. Peptide suivant I'une quelconque des revendications 1 a 3, a utiliser en m6decine. 

20 

Revendications pour I'Etat contractant suivant : AT 

1. Precede" de preparation d'un peptide ayant une activ'rte insulinotrope comprenant la sequence : 

2$ 

His-Ala-Glu^ly-Thr-Phe-Thr-Ser-Asp-Val- 
Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys- 
Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 

30 mais ne comprenant pas GLP-I (1-37); 

le procede comprenant la synthese de la proteine, la fragmentation d'une sequence d'acides amines naturelle 
ou ('utilisation d'un ADN ou d'un ARN codant la proteine et la technologie de I'ADN recombinS. 

2. Proc6d6 de preparation d'un peptide de formule : 

35 

(1) 

H 2 N-X-CO-R 1 

40 ou R 1 represente OH, OM ou NR2R 3 ; 

ou M est un cation pharmaceutiquement acceptable ou un radical alcoyle inferieur branche ou lineaire; 
chaque R 2 et R 3 sont les memes ou differents et represented inddpendamment un atome d'hydrogene 
ou un radical alcoyle inferieur branche ou lineaire. et 
X est un peptide suivant la revendication 1 , ou 

45 

(2) un sel cfaddition acide de celui-ci, 

le procedd comprenant la synthese de la proteine, la fragmentation d'une sequence cfacides amines 
naturelle ou rutilisation d'un ADN ou d'un ARN codant la proteine et la technologie de I'ADN recombine et, si 
necessaire, la formation d'un derive hydroxyle, d'un ester, cfun sel ou d'un d6riv6 amino de celunci. 

so 

3. Peptide suivant la revendication 2. dans lequei R 1 represente NR 2 R 3 . 

4. Procede d'augmentation de ('expression in vitro de I'insuline, le precede comprenant I'addition a des cellules pan- 
creatiques B de type Hot de mammiferes. une quantite efficace d'un peptide insulinotrope suivant Tune quelconque 

55 des revendications 1 a 3. 

5. Procede de formulation cfune composition insulinotrope pharmaceutique, le procede comprenant le melange d'une 
quantite efficace d'un peptide suivant rune quelconque des revendications 1 a 3 avec un excipient physiologique- 
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ment acceptable approprie*. 



Pep« d e su^, r u „e quateonque des revendications , , 3 ft u, lfeer Can's ,a proration cfuo agen, ^su.^pe 
SX" Vftr ° ^ P9P,We rUn9 d8S * » 3. pour * pr6paralion tfun agen , 
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Fig. l' 



51 -20 

Hot 

mgS>Sotoo*ootgtoUc*OQtoototeMOtcagtcootoAmg80tsm*rnaa>iATQ 



SIGNAL PEPTIDE 



ir 



Aaa He 

Lya Tar Val Tyr 
AAA ACC OTT TIC 
X A 



75 



pae era air Ala oiy -1 +i 

tie Val Ala 01? Leu Pha Val Hot Lau Val Gin Gly Ser Trp Oln Hie 
*ATC OTO OCT OQA TTO TXT OTA ATO CTQ OTA OA OCC AGC TOQ CAO CAT 
T T TCT GOT OCT GT 



NH P -PEPTIDE 

^ 15 



3er Leu 

Ala Pro Ola Aap 
CCC CCT CAO CAC 135 
T T A 



Asp 



Lys Ser 

Thr Olu Glu Aaa Ala Arg Ser Phe Pro Ala Ser Cls Thr Olu Pro Leu 
ACG GAG CAO AAC CCC AGA TCI TTC CCA CCT TCC CAG ACA OAA CCA CTT 
AT C C 



Oln lie Asa Glu Aap 
CAG ATA AAC OAA GAC 
A T 




35 



GLUCAGON 



Lftf/krAEla Ser Oln Gly Thr Phe Thr Ser Aap 
/ CAT TCA CAC GCC ACA TTC ACC AOT OAC 



25 

Olu Asp Pro Aap 
OAA CAC CCT GAT 195 
0 

55 - 

Tyr Ser Lya Tyr 
TAC AGC AAA TAC 255 



55 




Leu Aap Ser Arg Arg Ala Glo Aap Phe Val CI n -Trp Leu Met Aaa Tar 
CTA GAC TCC COC COT OCT CAA OAT TTT GTG CAO TCO TTQ ATG AAC ACC 
G AC 0 C 

,l — GLP I g 

Aaa Aan He Ala fLy^/krg\ His Aap Glu Phe Glu Arg Hla Ala Olu Oly Tar Phe Thr Ser 

/ CAT OAT GAA TTT GAG AOG CAT OCT OAA COO ACC TTT ACC ACT 375 
C G C C 



IP -I 



AAC AAC ATT OCC 




Asp Val Ser 
GAT GTG AOT 
C 



Gly Arg Oly 
CCC CCA OQA 
A 



95 105 
Ser Tyr Leu Olu Gly Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lya 
TCT TAC TTG QAG CCC CAG CCA GCA AAG OAA TTC ATT CCT TOG CTG OTO AAA 

Lip -i . 

115 Thr Val 1 w 

Aap Phe Pro Glu Glu Val Ala He Ala Olu Olu Leu Oly /Arg/ArA 
OAC TTC CCC GAA GAA GTC CCC ATA CCT GIG OAA CTT 000 WoUga/ 
A A T T A C C VV 

glp nr - 



135 




135 Wte " Ser 1*5 

His Ala Aap Gly Ser Phe Ser Aap Glu Het Asn Thr lie Leu Asp Aan Leu Ala Thr Arg 
CAT CCT CAT CCA TCC TTC TCT CAT GAG ATG AAC ACC ATT CTC GAT AAC CTT CCC ACC AO A 555 
G C C C GT 0 



155 

Aap Phe He Aaa Trp Leu He Gin Thr Lya He Thr Aap 
GAC TTC ATC AAC TOG CTG ATT CAA ACC AAG ATC ACT GAC 

A 




a) Bad 

TAO gaatatttcaccatt 618 
A 



cacaaeeatotteaeaaeatcteol^fiastcacttgggatgUcatttgaffagcatatoogaagotataetgetttgc 697 

atgcgg*c«aata<»tttcoottta^gtt«tgtaaoceaatg^tg 776 

■■ •gtitot iotttaoagUtgaaaatgotcgattctcaaattgtctco^tU 855 

tttctgtgsUtaaattgtaaetUtogoagtCACgaoiectggatUo&BOtacjgnigaoatggtaaootggtaaco 933 

gtagtggtgaaoctggaaasagaaottottoottgaaccctttgtcataaatgcgctcagotttcaatgUtcaagaat 1012 



agatttaaataaatatctcat 

3' 



1024 



15 



EP 0 305 387 B2 



Fig.2 

CON 1-37 7-37 1-36 

• • tiit iHti • 

* 
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Fig.4 



CONTROL GLP-I GLP-X CLP-I(l-36) 

% (1-37) (7-37) dM-GE.Y-AM5-aaida 



"I i ii 1 r 



ACXZN mRNA 
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Fig. 5 



-BSX +BSX 

CONTROL GLF-I CONTROL GLP-I 

(1-37) (1-37) 

. i i i i i i 
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Fig. 6 



CONTROL 
• 1% BSX 5% BSX 



GLP-I (1-37) 
0.1% BSA 5% BSX 



MM 



ACTH nPNA 



20 



